Quantitative analysis with respect to co-innovation is very scarce. The aim of this paper is to make headway into this terrain by quantitatively analyzing the effect of co-innovation on the value-time curve in terms of indicators from Beelaerts' 3C model. Analysis of car manufacturer market data shows that co-innovation decreases time-to-market and increases market share. A case analysis of three aerospace products, combined with the previously found relations, leads to further insight into current innovation performance of major aerospace companies.
Introduction
In 2004, Airbus proudly announced its dominance over Boeing, having obtained more orders and delivered more planes in that year than its direct competitor. This was a momentous occasion for Airbus as it outperformed Boeing for the first time in its 37-year history. Moving forward three years shows a less optimistic picture, with Airbus undergoing a major restructuring effort while combating continuous delays on the Airbus A380. In the meantime, Boeing has retaken the lead in aircraft orders and deliveries. A similar pattern of changing market leadership and cutthroat competition can be observed in other duopolistic and oligopolistic markets (e.g. Intel versus AMD or the competition between car manufacturers).
To prosper in these increasingly intense market conditions, companies explore different avenues in which to optimize performance. One of these avenues is innovation. Generally speaking, in order to stay ahead of competition the time-to-market of new products needs to be reduced while limiting innovation costs and keeping quality at a required level. This is where co-innovation comes into play. Co-innovation (short for collaborative innovation) indicates the process in which partners in the supply chain are involved in the innovation effort. Co-innovation is generally assumed to have a positive effect; it is an enabler of the "faster, better, cheaper" concept (Beelaerts, 2006) . This research paper is aimed at quantifying the effects of co-innovation on the value-time curve, using elements of Beelaerts' 3C model (Beelaerts, 2006) in combination with product data from the car manufacturer and aerospace markets. In doing so, the outcome of the research gives an improved insight into the effects of co-innovation. This enables enterprises to improve their innovation performance when involving their supply chain.
First, the research question and method underlying this paper will be outlined. This will be followed by a brief review of theoretical concepts such as the value-time curve and the 3C model. These theoretical concepts are used in conjunction with data of the car manufacturer market. This data in relation to the theoretical concepts provide the fundament for analyzing the relation under scrutiny in the research question. The car manufacturer analysis is augmented by a case analysis consisting of three aerospace products. Results from the preceding analysis sections will be studied with respect to the value-time curve in a comparative section. Finally, the research question will be answered in the concluding part of this paper.
Theoretical framework
To properly answer the research question, a sound understanding of the underlying theoretical concepts is necessary. The first element in the research question is co-innovation. A formal definition of co-innovation is given by Beelaerts et al. (Beelaerts, 2006) : the creation of a partnership between companies and/or institutes and/or customers on sharing knowledge, costs and benefits in order to create unique value for the customer. The coinnovation paradigm is relatively new. Traditional views of the innovation process, such as Porter's value chain model (Porter, 1985) , hold that innovation is performed entirely in-house, which was indeed true for many enterprises in less recent times. However, internal and external pressures such as technology advances and e-connected supply chains (Kuglin et al, 2001) , increasing R&D costs and more flexible boundaries have convinced many companies to seek new ways of innovating (Chesbrough, 2003) , (Leifer et al., 2003) . One of these ways is to partner on innovation, combining assets and resources to increase value for the customer (Prahalad, Ramaswamy, 2001 ) -in other words, co-innovation. Co-innovation involves collaboration with strategic partners and can be performed in different configurations, depending on the way a company's innovative capabilities can be complemented with those of their strategic partners (Moore, 1995) . In this way, the companies making up the value chain are increasingly focused on working together to maximize chain performance, rather than working against each other to maximize individual performance. The end results of this process are (Odenthal et al, 2004) : 1) A time premium resulting in a lower time-to-market; 2) An opportunity and knowledge premium resulting in an array of early-mover advantages like time-based competition, rapid response and reduced product development time.
Odenthal et al. have proved these effects of co-innovation qualitatively, but a definite quantitative proof is still lacking.
The second element of the research question is the value-time curve. This is a bit of an ambiguous term, as there are multiple interpretations of this curve and the way it should be represented. In this paper, the value-time curve has the shape as represented in Figure 1 . This shape is inspired by the product life cycle curve. At first an investment needs to be made to actually achieve the innovation (the new product development phase), which is represented as negative value, which starts to grow from t = 0. When production commences, value (measured in cash flow terms) is generated. At a certain time, break-even is reached (indicated by BE in figure 1 ) when the accrued value equals the investments. After passing through a growth stage, the product moves through a stage of maturity to finally stabilize or decline.
In this paper, the focus is on the behavior of the value-time curve in response to coinnovation. It can be easily observed that there are two coefficients of particular interest in the graph, namely:
And the growth coefficient =
The directional coefficient is a direct measure of the success of the product. A successful product has a coefficient that is larger than zero in the early value-generating phase, while being larger than zero or zero in the mature product phase. A steeper curve has a higher directional coefficient and indicates a more successful product as the break-even point will be reached earlier and subsequent earnings are higher. The growth coefficient is indicative of the changes in the directional coefficient; if it is larger than zero, then the directional coefficient will be deflected in an upward fashion, which is generally desirable. As such, co-innovation efforts are aimed at obtaining both positive directional and growth coefficients.
The third element in the research question is the relation between co-innovation and the value-time curve. To be able to properly investigate this relation, indicators from the 3C model (alternatively known as the 3C's) will be used. The 3C model was pioneered by Beelaerts and Santema (Beelaerts, Santema, 2006) and is a perspective on value chain innovation. It derives its name from the author's identification of three drivers of the value chain innovation process. These three drivers and the associated performance metrics are shortly evaluated below.
• Continuation: customers adopt the innovation and generate value, thus ensuring continuity. As such, customers can be identified as part of the value system (Prahalad, Ramaswamy, 2001 ). Beelaerts and Santema (2006) identify the market share (MS) as the primary indicator for the continuation driver. Alternatively, the change of market share (∆MS) can be used in case of product follow-ups, replacements or evolutions in an existing market or when looking at the aggregate performance of a company in an existing market during a certain period of time. Break-Even Time (or BET) is the secondary indicator for this driver measuring the value generated due to innovation adoption by customers versus the time necessary to recoup investments in innovation.
• Conception: the needs and desires of the customers can be used as input for the development of new products or services (Von Hippel, 2005) . This enables the conception in cooperation with partners, which offers new value to the value system. This driver has an organizational nature. To optimally benefit from the driver given above, the development process should be organized such that (expected) value is optimized while minimizing the risks, costs and development time, which is something that can be achieved using early supplier involvement (Zsidisin, Smith, 2004) . This entails collaboration with investment-and risk-sharing partners to create added value, which is precisely what co-innovation is all about. The primary indicator of the conception driver is the innovation investment multiplier (IMP) which is defined as the total innovation investment divided by the own innovation investment.
• Configuration: the third driver is the production sharing value as a measure of collaboration with co-producing partners during the production phase. This driver is defined by the production multiplier (PMP), as given by Beelaerts (2006) which can be calculated as the total production value divided by the own production value.
A possible result of increased co-innovation (and thus higher IMP and PMP values) is a reduced time-to-market. This is formally no indicator of the 3C model, but it will be included into the analysis given its role in the value-time curve. Also, in combination with the market share the time-to-market reflects on the BET of a product.
To investigate the effects of co-innovation on the value-time curve, the first part of this paper focuses at the car manufacturer market of the 1980s and 1990s. For this market, the IMP and PMP indicators will be plotted against the time-to-market and change in market share. The break-even time is excluded, as insufficient information is available (this will be explained later). The IMP and PMP are the primary indicators of the co-innovation effort, while the break-even time, time-to-market and change in market share are all related to the value-time curve. The break-even time and time-to-market are directly observable in the value-time curve. If the IMP or PMP and these two factors are negative correlated (an increase of the IMP/PMP decreases the other), then the effect of co-innovation on the value-time curve would be a smaller investment period and an earlier break-even time, noticeable in the curve as a shift towards the left, which translates in higher directional and growth coefficients. The market share is an indirect measure of the value of the product; a positive correlation between IMP/PMP and market share would translate in the value-time curve as a higher total value (the surface under the curve from the minimum onwards). These effects are all comprehensively shown in Figure 2 . 
Analysis
In this section, the analysis necessary for answering the research question will be performed, using the theoretic elements explained above as guidelines. The analysis consists of two major parts:
1. A study of the car manufacturer market, using data obtained in the International Motor Vehicle Program (IMVP) as performed under the auspices of the Massachusetts Institute of Technology. The data will be translated into the parameters of this paper, enabling a quantitative analysis of the relation between co-innovation and the valuetime curve. 2. A case analysis that considers three aerospace products: the Boeing B787, the Airbus A380 and the Embraer E-190. Of course, the analysis of these products is focused on co-innovation performance and its effects on the value-time curve behavior of these specific products. The results from the preceding section will be valuable in analyzing these specific cases.
The overall results from these analysis will be studied in a comparative section before the final conclusions and recommendations will be drawn.
Part 1: the car manufacturer market
The car manufacturer market has been evaluated for a considerable period under the umbrella of the International Motor Vehicle Program. Following some specific results from this program, a table of the performance of regional car industries in terms of the 3C model indicators has been made (Table 1) . Hyun. This publication is an update to a 1980s paper with the same subject (and indeed the same name), the results of which are also given in the 1990s version. These research papers give the compiled results of respectively 29 and 28 product development programmes in the 80s and 90s car industry, which are adjusted for product complexity and summarized per region. The results are given in terms of various parameters. How did these parameters help in establishing the values for the indicators?
• IMP: the values for the IMP are attained using table 3: Project Strategy Variables (Clark, Ellison et al, 1995) . The relevant strategy variable is the supplier participation ratio, which expresses the fraction of parts that is developed by the supplier (as a percentage of engineering hours). By extension, it is a measure of the engineering effort and thus the supplier investment made in the innovation process. IMP values were calculated using the IMP definition; for a supplier participation ratio S, the IMP is the total innovation investment divided by the own investment: 1/(1-S). Applying this formula to the ratios given in the aforementioned table 3 gives IMP values per region and time period.
• PMP: the PMP values are also determined by using table 3: Project Strategy Variables (Clark, Ellison et al, 1995) . Here, the relevant strategy variable is the detail control (DC). This variable indicates the fraction of parts that is developed entirely by car manufacturers. Since these are usually critical parts for the car manufacturers, the assumption is made that these parts are also produced in-house. This enables the calculation of the PMP values: PMP = 1/(1-DC).
• TPQ: the total product quality (TPQ) is given in table 6: Adjusted Lead Time and Engineering Hours (Clark, Ellison et al, 1995) . This indicator does not belong to the 3C model indicators, but it is included here as the TPQ is an indirect reflection of the value imbedded in a product. The relation between IMP, PMP and TPQ will also be researched.
• ∆MS: the market share (∆MS) indicator has been evaluated using information from the International Organisation of Motor Vehicle Manufacturers (IOCA, 1999) and a research paper (Cusumano and Nobeoka, 1990 (Clark, Ellison et al, 1995) . The time-to-market is given in months.
• Break-even time: the break-even periods of the various projects that together make up the research data have not been given. Obtaining these periods from other sources has proven to be impossible. Therefore, this indicator is not directly included into the analysis.
The values obtained in this manner have been given in Table 1 . Though the data set is relatively limited in size, it and its underlying values are sufficient to warrant analysis to observe possible relations between IMP or PMP and MS, TPQ and time-to-market. The results from the IMP relation analysis are given in Figure 3 . The data has been fitted with linear leastsquare graphs, with associated R 2 -values. Please note that the x-axis starts at IMP = 1. Clearly, a statistically significant and relevant (R 2 = 0,7376), positive correlation exists between IMP and market share MS. A negative correlation (with R 2 = 0,7995) exists for the relation between IMP and time-to-market. This behavior confirms the expectations of the 3C model. The relation between IMP and TPQ is not statistically significant (R 2 = 0,156).
Depending on the results from the PMP relation analysis, the worth of TPQ as a possible indicator in the 3C model will be assessed. The results from the PMP analysis are given in Figure 4 . Please note that the x-axis starts at PMP = 1. The final aspect of the 3C indicator analysis is the behavior of the Product Multiplier with respect to the Investment Multiplier. This has been plotted in Figure 5 . Clearly, the IMP and PMP indicators are closely correlated (R 2 = 0,9854). This relation should not come as a surprise, as a share of production reciprocates investment by partners. For instance, an investment by a partner into the development of a critical part is tied to that partner producing that specific part.
When inspecting the two indicators (see Table 1 ), a notable discrepancy is perceived. The PMP always exceeds the IMP. This fact can be explained by looking at the type of suppliers that are captured into these indicators. Technology, early involved and design-to-order suppliers all contribute to the IMP indicator, as these types of suppliers invest into the design of the part(s) they will supply. Of course, suppliers of these types also contribute to the PMP metric. Make-to-print suppliers are another type of supplier altogether. They invest little to no effort into innovation, as they are simply handed detailed product drawings on the basis of which they should produce the part. As such, these suppliers contribute to the PMP metric, but not to the IMP metric, which is as a consequence typically lower than the PMP. The quantitative relations displayed in the preceding figures will be used in the next section, which consists of the case analysis of the aerospace products. Overall conclusions based on these figures will be drawn in the conclusions and recommendations section at the end of the paper.
Part 2: Case Analysis
The case analysis consists of three aerospace products, being the Boeing 787 Dreamliner, the Airbus A380 and the Embraer E-190. These products will be studied with respect to their coinnovation performance. Again, the 3C model and its indicators will play a pivotal role. Each product analysis is split up into three distinct parts: first, an introduction of the product under review is given. This is followed by a closer look at the way the supply chain is arranged. Finally, the product will be examined in terms of the 3C model, namely continuation, conception and configuration along with the relevant indicators. Each section is ended with preliminary conclusions regarding the product under consideration. Comparisons with respect to the three cases will be drawn in a dedicated section that follows the individual cases.
Boeing 787
The Boeing 787 'Dreamliner' has its roots in the abandoned Sonic Cruiser development program. The main attraction of the Sonic Cruiser was its high speed, but concerns about fuel efficiency in the ailing airline industry prompted Boeing to redirect its focus in 2002. The result was the 7E7 program, later dubbed the 787 'Dreamliner'. This airplane is Boeing's effort to meet the expected demand for an aircraft that costs less to own, operate and maintain. The 787 is geared towards the concept of point-to-point travel; it has a capacity of 210 to 330 passengers (depending on the variant) and a maximum range of 14800 to 15700 kilometers (for the largest variant, the 787-9). Its direct competition is formed by Airbus' A350 XWB. Together, these model families (consisting of their variants) will likely replace the current offerings for this market, which are variants of the Airbus A300, A310, A330 and A340 models, as well as the Boeing 757 and 767.
Boeing's explicit goal with respect to its supply chain is to leverage its global partners to reduce cost, speed time-to-market and increase customer value while maintaining the highest level of safety (Exostar, 2007) . This goal already contains many pointers towards coinnovation, a point that will be revisited further on in this section when the 3C model and its indicators are applied. However, do the supply chain strategy and its execution confer to this goal? According to Exostar (2007) , Boeing's supply chain strategy for the 787 can be captured in the following objectives:
1) Leverage best-in-class component and technology providers from around the world.
2) Establish shared risk model between Boeing and its supply partners 3) Synchronize demand/supply, order, and inventory information across all supply partners 4) Establish a highly coordinated set of logistic processes and transportation mechanisms to ensure on-time delivery of all assemblies
These objectives are in line with the stated goal of Boeing with respect to its supply chain and reflect principles from lean supply chain management, such as early supplier integration into design and development, synchronized flow throughout the supplier network, visibility and transparency through open communications, long-term, trust-based, mutually beneficial relationships, and continuous supplier development and improvement (Bozdogan and Horng, 2007) . But are the aforementioned objectives truly executed in the arrangement and managing of the supply chain? With respect to 1), the examples are numerous: the 787 composite wings are produced (and were designed) in Nagoya, Japan by various Japanese companies (e.g. Mitsubishi Heavy Industries), the horizontal stabilizers are manufactured by Alenia Aeronautica (Italy), whereas the fuselage sections are produced by Vought (USA), Alenia Aeronautica (Italy), Kawasaki Heavy Industries (Japan) and Spirit Aerosystems (USA). Evidently, Boeing's supply chain is globally spread and includes component and technology providers, which one supposes are best-in-class. These partners provide so-called 'stuffed' sections (Lam, 2007) , sections with all structural elements, electrical components and sometimes even interiors fully installed. Boeing moves up in the supply chain to a role as an assembler and integrator, rather than doing all work itself. The supply partners are leveraged via contributions to the development budget and the total work share, which also makes them risk-sharing partners in the 787. The associated shared risk model has been worked out in agreements with the key partners (Lam, 2007) , so objective 2) has been covered. Information sharing amongst the partners is critical to maintain the quality of the production process and its result. To ensure this, Boeing has put in place various systems, which include a supplier portal (Boeing, 2007) and a shared EDI system based on E2open software (Exostar, 2007) . As a part of the supplier relationship model that Boeing is pursuing, it is working closely together with its partners to match logistic processes and transportation mechanisms for on-time delivery of the assemblies. Examples are the implementation of JIT principles with the help of Kanban indicators (Baldwin, 2005) . And, as recent events show, if things go wrong, Boeing is committed towards helping its partners when problems crop up; it responded by sending teams of engineers to suppliers to help solve problems with parts supply (Busch, 2007) . In conclusion, one can say that Boeing is indeed executing its supply chain strategy in line with its stated objectives, which emphasize a closer, risk-sharing relationship with its supply partners to reduce cost and time-to-market while increasing customer value. Are these efforts reflected in results?
To answer that question, the Boeing 787 is analyzed in terms of the 3C model and its indicators:
o for the continuation phase, the relevant indicator is the market share (MS). For the market share analysis, the focus is on the orders for the Boeing 787 and its direct competitor, the A350 XWB. This comparison encompasses orders for all product variants of both planes. The 787 currently has 710 firm orders (Boeing, 2007) , with 107 more orders pending (these orders have been announced publicly, but haven't been formalized yet). The Airbus A350 XWB currently has 182 firm orders, with 112 pending orders. This translates into a market share of 80% for the 787 in the case of firm orders. When considering commitments along with the firm orders, the 787 market share is 74%.
o as mentioned before, the indicator belonging to this category is break-even time (BET). With respect to the break-even time of the 787, Boeing is tightlipped. Informal estimates from industry insiders on various internet fora range from 500 to 700 planes. The current list price of the main 787 model in terms of orders (the 787-8) is 157 to 167 million dollar per plane (Boeing, 2007) . As Pritchard and Macpherson (2004) state, Boeing's direct own investment into the 787 is estimated to be 4,2 billion dollar. Assuming a 5% profit margin on a single product sale (while covering production and development interest costs) puts the break-even point at 525 aircraft. This is a very rough estimate however, as it does not take into account multiple factors, such as trade deals with launch customers and the learning effect during production (two factors that directly impact the profit margin) and subsidies/loans from various governments, which amount to nearly 6,1 billion dollar (Pritchard and Macpherson, 2004) , which may have to paid back (partially). An easier indicator to evaluate is the time-to-market. Development started in 2002, while the first commercial 787 flight is expected to take place in December 2008, when All Nippon Airways will receive its first ordered airplane. This results in a time-to-market of 6 years, which is two years less than the timeto-market of its competitor the A350 XWB (introduced in 2005, with an expected first commercial flight in 2013).
• Conception:
o the relevant indicator from the conception category is the Investment Multiplier (IMP). According to Pritchard and Macpherson (2004) , the total launch investment costs amount to $13,4 billion. Boeing directly invest $4,2 billion itself, whereas the suppliers account for $3,1 billion. The resulting $6,1 billion is provided for by various production subsidies (for instance, $3,2 billion from the state of Washington, and nearly $1,6 billion by the Japanese government) and an interest-free bond of $200 million by the state of Kansas. When purely looking at the investment situation, Boeing share of the bill is roughly 30%, which results in an IMP of 3,3. However, since a $6,1 billion share is not leveraged on the supply chain but provided through subsidies and loans, the correct way of calculating the IMP is to discount this share and recalculate. The IMP for the 787 is 7,3/4,2 = 1,74.
• Configuration:
o Calculating the PMP is less cumbersome. Boeing is estimated to perform 30 percent of the total work share (Adams, 2007) . This percentage has also been confirmed directly to the authors of this paper by a Boeing representative. Consequently, the PMP is 1/0,3 = 3,3.
The analysis of the indicators shows familiar patterns. The PMP is higher than the IMP, a result to be expected. The IMP is in the higher range of the IMP's displayed in the car manufacturer analysis. The same is true for the PMP. The market share follows this pattern with a high share of 80%. Although there are many confounding issues, the IMP-MS relation found in the car manufacturer analysis gives credibility to the statement that the market success of the 787 is at least partly due to the co-innovation performance of this project. The same relation applies to the time-to-market, which is two years lower than its direct competitor, the A350 XWB.
Airbus A380
Airbus started development of a very large airliner in the early 1990s with the goal of completing its range of products and breaking the dominance of Boeing in this market segment. Early market research and development gave rise to the A3XX program in June 1994, which was rechristened the A380 in December 2000, when the program was formally launched. The A380 is specifically geared towards the hub-spoke market concept, with a capacity of 525 to 853 passengers (depending on the chosen configuration). It has a range of 15200 km at design load. Currently, two models are planned, being the A380-800 (the passenger version) and the A380F (the freight version). Its most direct competitor is the Boeing 747-8, which also has passenger and freight versions (the 747-8I and 747-8F, respectively). However, the 747-8I can carry 'only' 467 passengers and the 747-8F has approximately 30.000 kg less freight capacity.
Airbus' supply chain management goals largely reflect those of Boeing in case of the 787. It confers to the lean supply chain management principles mentioned before:
• Early supplier integration into design and development , who supply the Trent 900 and GP7200 engines, respectively, as well as Safran (nacelles, braking controls, nose landing gear, communication and data systems), United Technologies (APU, air conditioning system), Goodrich (landing gear, flight control systems, aerostructures, etc.), Finmeccanica (airframe production, insulation, etc.) and tier 2 suppliers like Stork Aerospace (GLARE). Many suppliers have been involved early in the design and development phase of the A380. To ensure a synchronized flow throughout the supplier network and maintain open communications, Airbus has put in place a supplier portal (Airbus, 2007) and uses DHL as a logistics provider to optimize its logistics performance (Supply and Demand Chain Executive, 2005) . The risk-sharing agreements have been geared towards establishing mutually beneficial relationships. However, the 2-year delay on the Airbus A380 and the resulting Power8 improvement program at Airbus have resulted in high pressures on suppliers to cut costs, which is a step back to old adversial relationships. Another critical point in which the A380 differs from the 787 is the level of outsourcing; Airbus has kept core technologies such as composite technology and wing design in-house, whereas Boeing has gone the extra mile by moving up in the supply chain towards a pure integrator role (Bozdogan and Horng, 2007) .
How do Airbus' supply chain solutions perform when analyzed in terms of the 3C model?
• Continuation:
o the only competition for the A380 is formed by the Boeing 747-8. How the future market will develop is not yet clear, but some trends can be discerned by looking at the current number of orders. The A380 has 165 firm orders, with 25 options, all for the passenger version. In the near past, the A380F freighter version had 27 orders, but these have dwindled to zero following the delays. Currently, development and production of the A380F version is suspended. The 747-8 has 25 firm orders for its passenger version and 65 firm orders for the freight version. Also, there are 29 options in the order book. It seems that Airbus is winning the battle for the passenger version, while Boeing takes the freighter crown. The A380 has a market share of 65% when discounting the options. Including the options brings the market share of the A380 to 61%. o the break-even time estimate of the Airbus A380 has evolved over the years following the massive 2-year delay on the program. Initial BET estimates were in the order of 270 airplanes (Clark, 2006) . However, following the delays, estimates have risen to at least 420 aircraft to achieve break-even. Combined with Airbus' intended production schedules, achieving break-even will take at least 11 years (Clark, 2006) . Airbus' problems aren't over yet, because, according to chief executive officer Louis Galois, the break-even estimate has risen again to an undisclosed number (which analysts put at around 470) (Wallace, 2007) . The time-to-market of the A380 is 13 years; the A3XX program started in June 1994, whereas the maiden commercial flight of the A380 took place in October 2007.
o according to Beelaerts et al. (2006) , the total development budget of the Airbus A380 prior to the costly 2-year delay was approximately $13 billion. This figure originates from an Airbus break-even analysis. The total amount can be divided into three parts. First of all, $5,9 billion is invested by Airbus' parent companies (EADS and BAE Systems). Next, another $3,5 Billion is invested by the risk sharing partners. The last part, $3,6 Billion consists of loans from the various governments associated with Airbus and its partners. Airbus will have to pay back these loans, meaning that this part could be considered as an investment by Airbus itself. In this case, the IMP is 13,7/9,5 = 1,44. When the loans are discounted in the analysis, as was the case with the Boeing 787, the IMP comes down to 9,4/5,9 = 1,68. However, it should be noted that these figures are prior to the cost overruns associated with the production delays. The total development budget is now reported to run as high as $18 billion (Rothman, 2007) . The cost overruns are most likely on the account of Airbus, which will significantly decrease the IMP value. The risksharing partners account for approximately 40% of the work share, while a further 20% is outsourced to partners in North America and Asia. This leads to a PMP of 1/0,4 = 2,5.
o Unsurprisingly, the PMP of the A380 exceeds the IMP. While the IMP reported above is still above the mean of the car manufacturer market, the current IMP (belonging to the $18 billion estimate) will most likely be near the lowest value displayed in the car analysis. While the IMP is affected by the development cost increases, the PMP is not. Its value is quite average, however, which is due to Airbus' decision to keep critical technologies in-house. Although confounding issues occur again (most notably the 2-year production delay), the relatively low IMP and PMP account in part for the higher time-to-market, the high break-even period and the relatively limited market success (when viewed in light of the limited competition).
Embraer E-190
The Embraer E-190 is part of the E-Jets series of narrow-body, twin-engine, medium range jet airliners built by Embraer. Development on these models started in 1998 to cover the then-existing gap in the 80-120 passenger market segment. Other members of the series are the . All variants of the E-Jets series share the fuselage cross-section and some of the systems. The E-190 variant is a stretch model of the E-170 fitted with a larger wing, strengthened landing gear and a new engine model by General Electric. The E-190 has room for 98 to 114 passengers with a maximum range of 4450 kilometer (Embraer, 2007) . As such, it is expertly suited for point-to-point regional markets and feed flights to hubs. Its competition is constituted by the Bombardier CRJ1000, Airbus A318 and Boeing 737-600 jets.
Embraer subscribes to the familiar lean supply chain management principles. It has developed its E-jet series in close cooperation with 16 risk-sharing partners and 22 main suppliers. Though Embraer kept the overall design and development in its own hand, these partners and suppliers have been involved early in the design phase to make use of their specific abilities. For instance, Hamilton Sundstrand designed the air inlet of the APU and the air-conditioning according to the specific requirements for the E-series (Fluent Inc, 2001) . The flow throughout the network is supported by the decision of some major suppliers such as Liebherr, Sonaca and Kawasaki Heavy Industries to establish local production sites at Embraer's Brazilian production facility, where the plane is assembled. This close proximity enables JIT deliveries with very small batches and a very high frequency for critical parts, such as the wings (Kawasaki Heavy Industries) and fuselage sections (Sonaca). Embraer employed an EDI system during development as a platform where the partners could update their designs continually, while in coordination with evolving designs of other parts (Goldstein, 2002) . It has also asked its partners to use the same programs to design the parts, so that integration of the various subparts could easily be achieved. The relationships with partners and suppliers are tight; the design has been made in continuous cooperation with the partners. This extended to engineers from the various partners that were co-located at Embraer to assist in the design effort (Goldstein, 2002) .
To see whether to which extent the co-innovation effort of Embraer in the case of the E-190 holds up, it is evaluated in terms of the indicators from the 3C model.
o the market share for the E-190 is analyzed by inspecting the number of orders for it and its competitors, the Bombardier CRJ1000, Airbus A318 and Boeing 737-600. Due to data uncertainties regarding options, only firm orders are taken into account. The E-190 has 249 firm orders, while there are already 36 flying. The CRJ1000 has 38 firm orders. The A318 has 100 firm orders, while the Boeing 737 variant has 69 firm orders. This leads to a market share 58% of for the E-190. o the break-even period (BET) of the E-190 is difficult to retrieve.
Characteristically for an aerospace company, Embraer does not divulge any information about internal break-even estimates. To simplify matters, the entire E-jets family is analyzed, as sufficient data is available to estimate the BET. Taking the same approach as with the Boeing 787 yields the following. The average list price of an E-jet is $31,25 million (Airline Fleet & Network Management, 2005) , by averaging the list prices of the four variants). Total development costs are estimated at $850 million (Beelaerts et al., 2006) . With an average profit margin of 5%, the break-even point comes at 544 planes.
The time-to-market of the Embraer E-190 jet is 5 years, as it was launched in 1999, while the first commercial flight took place in March 2004.
o according to Beelaerts et al.(2006) , the total development budget of the E-jets series is $850 million. $289 million is provided by the risk-sharing partners, while the rest is provided for by Embraer itself. The IMP is 850/561 = 1,5.
o The same source also reveals that at least 70% of the production is outsourced, leading to a PMP of 3,3.
The IMP and PMP are quite high. This is reflected in the decent time-to-market, break-even point and market share performance of the E-190 model (of course while again keeping in mind confounding issues). With this partial conclusion, the individual case analyses are brought to a close. Before turning towards the final conclusions and recommendations, a comparative section displaying the performance of the three analyzed products with respect to the value-time curve is given first.
Comparing the cases
Having analyzed the three cases, the following question automatically rises: how do the three products compare in their co-innovation performance? Table ref gives the combined indicators of the three cases, where the BET is in number of airplanes and the time-to-market in years.
To facilitate the discussion, the performance of the three products is indicatively plotted in terms of the value-time curve in Figure 6 . Please note that the graphs are plotted relative to each other to give an indication; the figure is not on a precise scale. When comparing the products, it is worthwhile to keep in mind that there are many confounding issues that obscure the overall picture. Some examples are product complexity, different introduction points and evolving market demands. Nevertheless, some general observations can still be made.
The E-190 has the lowest IMP of the three products. This is probably due to Embraer's less dominant position in the value chain and lower product worth when compared to industry giants Airbus and Boeing, making obtaining risk-share contributions more difficult. The A380 has the lowest PMP, reflecting Airbus' decision to keep vital technologies in-house. The timeto-market of the A380 is by far the highest. This has more to do with the gigantic complexity of developing such a large airplane than with insufficient co-innovation performance, though Airbus' reluctance to share production has certainly not helped. The market share performance of all products is impressive. However, there are some confounding issues that suggest that certainly not all that is achieved follows from the co-innovation effort. For instance, the 787 has benefited from a two year period in which Airbus did not announce a competitive product. Furthermore, its market introduction precedes that of the A350 XWB by at least 4 years. Similarly, the A380 was the sole Super-jumbo on the market for some years, until the 747-8 was introduced. Even so, the 747-8 constitutes only limited competition for the A380 given its lower passenger capacity. The E-190 is the only product that has faced stiff competition from multiple sources; Boeing, Airbus and Bombardier all have offers for the same market segment. Despite this, the E-190 has taken the market share crown in the 90-120 seat segment; an impressive feat in which co-innovation has certainly played its role.
Figure 6: Indicative value-time plots of B787, A380 and E-190
In the end, the value-time curves of the three products have been influenced positively by the co-innovation effort. Initial investments have been lower, reducing break-even time, while the improved supply chain integration has yielded products that are introduced faster, while being geared more towards customer demand. This effect has yielded a larger total value through increased market shares.
Conclusions and recommendations
The research question of this paper is as follows:
What is the effect of co-innovation on the value-time curve?
Given the results from the analysis of the car manufacturer data, the effect of co-innovation on the value-time curve is concluded to be significant. A higher co-innovation effort (as displayed by the IMP and PMP indicators of the 3C model) leads to a significantly decreased time-to-market and a significant positive change in market share. Both effects are directly reflected in the value-time curve. Though these results strongly suggest that co-innovation will decrease break-even time too, finding a direct relation between co-innovation and breakeven time remains a subject for further research.
The results from the car manufacturer market analysis have been used when analyzing three products from the aerospace market. Though confounding issues muddle affairs, the relations found in the car manufacturer market analysis strongly suggest that the market performance of these products (expressed in time-to-market, break-even time and market share) is positively influenced by the co-innovation efforts and the associated lean mindset.
